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1. BACKGROUND {#mbo31018-sec-0001}
=============

There is a rapidly expanding body of evidence that the gut microbiome profoundly influences multiple aspects of health such as immune function and related disorders (Hooper, Littman, & Macpherson, [2012](#mbo31018-bib-0015){ref-type="ref"}; Shanahan, [2010](#mbo31018-bib-0029){ref-type="ref"}; Sjogren et al., [2009](#mbo31018-bib-0033){ref-type="ref"}), risk of obesity (Hooper et al., [2012](#mbo31018-bib-0015){ref-type="ref"}; Turta & Rautava, [2016](#mbo31018-bib-0037){ref-type="ref"}), heart disease, altered drug metabolism (Shanahan, [2010](#mbo31018-bib-0029){ref-type="ref"}), and neurodevelopment and neurobehavioral disorders such as autism spectrum disorder, anxiety, and cognitive development (Carlson et al., [2018](#mbo31018-bib-0004){ref-type="ref"}; Kelly, Minuto, Cryan, Clarke, & Dinan, [2017](#mbo31018-bib-0016){ref-type="ref"}; Sharon, Sampson, Geschwind, & Mazmanian, [2016](#mbo31018-bib-0030){ref-type="ref"}; Sherwin, Rea, Dinan, & Cryan, [2016](#mbo31018-bib-0031){ref-type="ref"}; Tognini, [2017](#mbo31018-bib-0036){ref-type="ref"}). Along with the accessibility of high‐throughput sequencing technologies for human microbiome studies is the need to develop robust standardized methods for the collection, handling, storage, and processing of fecal samples that are feasible in large‐scale, longitudinal epidemiologic studies, and to understand the sources of variability in assay results. As large‐scale compilation studies of infant and child microbiome investigations are beginning, such as the NIH\'s Environmental influences on Child Health Outcomes study which is combining data from over 50,000 mother--infant pairs with longitudinal microbiome studies of differing protocols, it is critical that protocols be evaluated to determine whether existing data can be combined or compared. Current methods used in human microbiome research vary in substantial ways, making it difficult to perform interstudy comparisons and combined analyses. Data on the reproducibility of the most commonly applied collection, processing, storage, and extraction methods in human fecal microbiome studies are beginning to emerge. Specifically, preservation media, freezing conditions, DNA extraction methods, and sequencing approaches have been identified as potential sources of variation in the microbial composition of samples in previous studies (Ariefdjohan, Savaiano, & Nakatsu, [2010](#mbo31018-bib-0001){ref-type="ref"}; Cardona et al., [2012](#mbo31018-bib-0003){ref-type="ref"}; Carroll, Ringel‐Kulka, Siddle, Klaenhammer, & Ringel, [2012](#mbo31018-bib-0005){ref-type="ref"}; Choo, Leong, & Rogers, [2015](#mbo31018-bib-0007){ref-type="ref"}; Dominianni, Wu, Hayes, & Ahn, [2014](#mbo31018-bib-0009){ref-type="ref"}; Flores, Shi, Gail, & Ravel, [2012](#mbo31018-bib-0010){ref-type="ref"}; Flores et al., [2015](#mbo31018-bib-0011){ref-type="ref"}; Fu et al., [2016](#mbo31018-bib-0012){ref-type="ref"}; Hang et al., [2014](#mbo31018-bib-0014){ref-type="ref"}; Kennedy et al., [2014](#mbo31018-bib-0017){ref-type="ref"}; Lauber, Zhou, Gordon, Knight, & Fierer, [2010](#mbo31018-bib-0019){ref-type="ref"}; Maukonen, Simoes, & Saarela, [2012](#mbo31018-bib-0020){ref-type="ref"}; McOrist, Jackson, & Bird, [2002](#mbo31018-bib-0022){ref-type="ref"}; Nechvatal et al., [2008](#mbo31018-bib-0023){ref-type="ref"}; Ott et al., [2004](#mbo31018-bib-0025){ref-type="ref"}; Rintala et al., [2017](#mbo31018-bib-0026){ref-type="ref"}; Roesch, Casella, et al., [2009](#mbo31018-bib-0027){ref-type="ref"}; Sinha, Abnet, White, Knight, & Huttenhower, [2015](#mbo31018-bib-0032){ref-type="ref"}; Smith, Li, Andersen, Slotved, & Krogfelt, [2011](#mbo31018-bib-0034){ref-type="ref"}; Tedjo et al., [2015](#mbo31018-bib-0035){ref-type="ref"}; Walker et al., [2015](#mbo31018-bib-0039){ref-type="ref"}; Wesolowska‐Andersen et al., [2014](#mbo31018-bib-0040){ref-type="ref"}; Wu et al., [2010](#mbo31018-bib-0041){ref-type="ref"}; Yuan, Cohen, Ravel, Abdo, & Forney, [2012](#mbo31018-bib-0042){ref-type="ref"}). As yet, very few studies have evaluated protocol reliability during the developmental period of intestinal microbiome acquisition in infancy and early childhood, when intersubject variability is pronounced (Walker et al., [2015](#mbo31018-bib-0039){ref-type="ref"}). Further, the current literature lacks data on the potential for batch effects during microbial DNA sequencing. Here, we examine batch‐to‐batch variation and 11 different collection, handling, and processing protocols and 3 DNA extraction kits applied to stool samples collected from infants and young children.

2. METHODS {#mbo31018-sec-0002}
==========

2.1. Study population and ethics approval {#mbo31018-sec-0003}
-----------------------------------------

Eight children, 1--3 years of age, provided stool samples for the evaluation of sequencing batch effects. An additional four children ages 1--4 provided stool samples for the evaluation of sample‐handling protocols and DNA extraction methods. The study was approved by the Committee for the Protection of Human Subjects at Dartmouth College, and all study participants provided written informed consent.

2.2. Stool processing to assess batch effects {#mbo31018-sec-0004}
---------------------------------------------

To assess batch‐to‐batch variability, diapers containing stool were collected and stored at −80°C until processing, then thawed overnight at 4°C. The stool was aliquoted to cryotubes with RNAlater solution (Corning^®^ 430662) then stored at −80°C or colder. Following centrifugation, samples were processed using a BeadBashing Lysis Tube and extracted using the ZR Fecal DNA MiniPrep™ (Zymo Research D6010) kit.

2.3. Batch effect methods {#mbo31018-sec-0005}
-------------------------

We assessed batch effects in two sets of young children (Tables [A1](#mbo31018-tbl-0001){ref-type="table"} and [A2](#mbo31018-tbl-0002){ref-type="table"}). For Set 1, one diaper was obtained from five children aged 1 to 3 years. Three aliquots of extracted DNA were taken from each, providing a total of 15 DNA samples for analysis. Analyses of these samples took place over one month . For Set 2, we obtained three additional subjects aged 1--3 years, analyzed two to four aliquots of single DNA extraction for two children and two separate DNA extractions from the same diaper for one child. Set 2 was sequenced in six batches nine months apart (*N* = 47).

2.4. Collection, processing, and DNA extraction comparisons {#mbo31018-sec-0006}
-----------------------------------------------------------

To compare the protocols with different collection, handling, processing, and DNA extraction methods, we used four diapers containing freshly collected stool samples, from four subjects aged 1 to 4 years old, that were transported at room temperature to the laboratory within two hours of collection. Comparisons of the various protocols were made to the reference protocol of samples that were immediately −80 C frozen (in trace element‐free and RNAlater‐containing tubes (Corning^®^ 430662)).

A total of 33 protocols were evaluated (Figure [1](#mbo31018-fig-0001){ref-type="fig"}). Five protocols were tested both with and without RNAlater (Qiagen) storage tubes (Figure [1](#mbo31018-fig-0001){ref-type="fig"}), totaling 10 protocols, plus an 11th protocol using the Omnigene stool kit. For protocols 1 and 2, the stool was immediately aliquoted and extracted. For protocols 3 and 4, the stool was immediately aliquoted into cryotubes and frozen at −80°C. Frozen tubes later were thawed on ice and extracted. For protocols 5 and 6, diapers were kept at −20°C for 4--12 hr, then thawed for 24 hr in an insulated bag after which stool was frozen at −80°C. Frozen tubes were later thawed on ice and extracted. For protocols 7 and 8, diapers were kept in an insulated bag for 24 hr at room temperature and then transferred into cryotubes and frozen at −80°C. Frozen tubes were thawed on ice and extracted. For protocols 9 and 10, diapers were immediately frozen at −20°C. Frozen diapers were subsequently stored in an insulated transport bag with cold packs for 4 hr and then removed from the bag and stored at −80°C. Diapers were then thawed overnight at 4°C, and stool was aliquoted into cryotubes and frozen at −80°C. Frozen tubes were thawed on ice and extracted. Lastly, protocol 11 involved immediately aliquoting stool into an OMNIgene Gut tube according to the manufacturer\'s instruction and storing at room temperature prior to extraction.

![Schema of 33 protocols evaluated. Each stool sample was homogenized then divided and subjected to 6 different sample‐handling conditions. Samples subjected to the first 5 conditions were further tested with and without added RNAlater. The OMNIgene kit includes a preservative and thus was not tested with additional RNAlater. Finally, each of these samples was further divided for extraction with 3 DNA extraction kits](MBO3-9-e1018-g001){#mbo31018-fig-0001}

2.5. DNA extraction {#mbo31018-sec-0007}
-------------------

Three DNA extraction kits were evaluated: Zymo Research ZR Fecal DNA MiniPrep™ kit, Qiagen QIAamp^®^ Fast Stool Mini Kit, and MO BIO Powersoil^®^. Tubes containing RNAlater were centrifuged to pellet stool, and RNAlater solution was removed before processing them in the same manner as the nonpreserved stool samples.

For ZR Fecal DNA MiniPrep™ kit extractions, samples were processed following the manufacturer\'s protocol using the provided 0.5mm glass bead tubes and performing a 6‐min bead beating on a "Disruptor Genie" vortex adapter. DNA was eluted after incubation with Elution buffer and passed through Zymo‐Spin™ IV‐HRC columns.

For the Qiagen QIAamp Fast Stool Mini Kit^TM^ extractions, samples were processed following the manufacturer\'s protocol, using Lysis buffer and a 70°C Lysis step. Samples were strongly vortexed before and after the 70°C incubation. DNA was eluted after incubation with the provided Elution buffer.

For MoBio protocol extractions using the MO BIO Powersoil^®^ kit, C1 solution was added and the sample was bead beaten for 10 min on the MoBio Vortex adapter. The remaining procedures were done exactly per the MoBio protocol instructions. Samples were likewise eluted after 5 min of incubation with the provided Elution buffer.

2.6. Sequencing {#mbo31018-sec-0008}
---------------

Extracted microbial DNA was sent to the Marine Biological Laboratory (MBL) in Woods Hole, MA, an affiliate of the University of Chicago. The V4‐V5 hypervariable regions of bacterial 16S rRNA genes were amplified in 96‐well plate format and sequenced as a multiplexed pool on the Illumina MiSeq. Additional details of sequencing protocols are available in a previous report (Newton et al., [2015](#mbo31018-bib-0024){ref-type="ref"}). For this study, the average yield per sample after processing, quality control filtering, and chimera exclusion was 117,924 reads and ranged from 528 to 383,728 reads.

2.7. Statistical analysis {#mbo31018-sec-0009}
-------------------------

QIIME (v. 1.9.1) with UCLUST (v. 1.2.22) was used to create OTUs at the 97.5% sequence identity level. Taxonomy was assigned to the OTUs from the Greengenes (v. 13_8) database. To determine batch‐to‐batch variability, we created a heat map to view clustering patterns using the R package *pheatmap* (v. 1.0.8) with Euclidean clustering (Kolde, [2015](#mbo31018-bib-0018){ref-type="ref"}). We computed alpha diversity, as a measure of the number of bacterial species present, using the Simpson Index, using the estimate richness function in the *phyloseq* (v. 1.16.0) package in R (McMurdie & Holmes, [2013](#mbo31018-bib-0021){ref-type="ref"}). A linear mixed‐effects model was used to compare alpha diversity across batches (Shanahan, [2010](#mbo31018-bib-0029){ref-type="ref"}) with the Kenward--Roger method to estimate degrees of freedom and approximate *p*‐value (Halekoh & Højsgaard, [2014](#mbo31018-bib-0013){ref-type="ref"}). We further calculated the phylogenetic distances, beta diversity, as a measure of the bacterial community structure, between the extracts using generalized UniFrac analysis (*GUniFrac* R package v. 1.0; Chen et al., [2012](#mbo31018-bib-0006){ref-type="ref"}), and statistical significance of the clustering using permutational multivariate analysis of variance (PERMANOVA) using the *vegan* (v. 2.3.5) function Adonis in R (Dixon, [2003](#mbo31018-bib-0008){ref-type="ref"}). PCoA plots were generated from the GUniFrac distance matrices using the PCoA function in the *phyloseq* program.

We compared DNA yield, alpha diversity, beta diversity, and the relative abundance of individual taxa across the 33 collection, handling, processing, and DNA extraction protocols. A linear mixed‐effects model was used to compare DNA yield and alpha diversity of each protocol and DNA extraction method (Bates, Mächler, Bolker, & Walker, [2014](#mbo31018-bib-0002){ref-type="ref"}) again with the Kenward--Roger method to estimate degrees of freedom and approximate p‐values (Halekoh & Højsgaard, [2014](#mbo31018-bib-0013){ref-type="ref"}). Beta diversity for the samples was, as before, determined using the GUniFrac distances from the *GUniFrac* R package with PERMANOVA as described above. A generalized linear model was used to determine the statistical significance of clustering for pairwise comparisons of the within versus between‐group GUniFrac distances for the groups defined by protocol, subject, or extraction method (i.e., intragroup minus intergroup distances).

All *p*‐values were adjusted with Bonferroni correction for multiple testing.

2.8. Sensitivity analyses {#mbo31018-sec-0010}
-------------------------

All analyses were performed with and without rarefaction to minimum read depth of 3,073 reads based on the rarefaction curve, removing one sample with a depth of 528 reads.

3. RESULTS {#mbo31018-sec-0011}
==========

To examine batch effects between the sequencing runs, one diaper was collected from each of five children aged 1 to 3 years (Set 1) from which we evaluated three aliquots from one DNA extraction from each diaper (*N* = 15 samples). These samples were sequenced separately in three different batches over a one‐month period. For three additional children of the same age range (Set 2), two to four aliquots of single DNA extraction for two children and two separate DNA extractions from the same diaper for one child were sequenced in six batches nine months apart (*N* = 47; Table [A1](#mbo31018-tbl-0001){ref-type="table"}).

3.1. Samples run in separate sequencing batches reliably clustered by subject rather than by sequencing batch {#mbo31018-sec-0012}
-------------------------------------------------------------------------------------------------------------

Using Euclidean clustering, we found that the results evaluating batch effects (evaluating the same samples divided and sequenced at different time points) clustered by individual subject and not by sequencing batch in both sets of comparisons (Set 1 vs. Set 2, Figure [2](#mbo31018-fig-0002){ref-type="fig"}). In generalized UniFrac models, we again found that the results in both sets clustered by subject (PERMANOVA *p* = .003 and *p* = .001 for Set 1 and Set 2, respectively) with no evidence of batch effects (PERMANOVA *p* = .986 and *p* = .871, respectively, Figure [3a](#mbo31018-fig-0003){ref-type="fig"},[b](#mbo31018-fig-0003){ref-type="fig"}). While there was some variance in alpha diversity, these differences were not statistically significant by batch (Figure [A1](#mbo31018-fig-0007){ref-type="fig"}).

![(a) Heat map depicting Set 1 generated with the pheatmap package in R. Samples and OTUs are clustered by Euclidean clustering. Subject and batch are annotated on the *y*‐axis. (b) Heat map depicting Set 2 generated with the pheatmap package in R. Samples and OTUs are clustered by Euclidean clustering. Subject, extraction, and batch are annotated on the *y*‐axis](MBO3-9-e1018-g002){#mbo31018-fig-0002}

![(a) PCoA plot Set 1 generalized UniFrac distances. Samples clustered by subject (PERMANOVA *p* = .003) and did not cluster by batch (PERMANOVA *p* = .986). (b) PCoA plot Set 2 generalized UniFrac distances. Samples clustered by subject (PERMANOVA *p* = .001) and did not cluster by batch (PERMANOVA *p* = .871)](MBO3-9-e1018-g003){#mbo31018-fig-0003}

To compare the 33 protocols with the different collection, handling, processing, and DNA extraction methods, we used four diapers containing freshly collected stool from four subjects aged 1 to 4 years old that were transported at room temperature to the laboratory within two hours of collection. Comparisons of the various protocols were made to the reference protocol of samples that were immediately processed (in trace element‐free and RNAlater‐containing tubes).

3.2. DNA yield differred by DNA extraction kit and by home freezing {#mbo31018-sec-0013}
-------------------------------------------------------------------

With respect to DNA yield (Figure [A2](#mbo31018-fig-0008){ref-type="fig"}), the Qiagen QIAamp Fast Stool Mini Kit^TM^ and the MO BIO Powersoil^®^ DNA isolation kit both had lower DNA yield than the ZR Fecal DNA MiniPrep™ kit (Kenward--Roger *p* \< .0001 and *p* \< .03, respectively). A lower yield was observed for protocols involving immediate freezing in a home, −20°C freezer, compared to the reference protocols 1 and 2 of immediate processing of fresh stool (Kenward--Roger *p* \< .03). However, there were no statistically significant differences in DNA yield between protocols involving immediate freezing in −80°C, or transport for up to 24 hr on freezer packs before freezing or processing and the reference protocols. Similarly, no statistically significant differences were detected in DNA yield by whether the collection tube contained the RNA stabilizer RNAlater or not (Figure [A3](#mbo31018-fig-0008){ref-type="fig"}).

3.3. Alpha diversity differred by DNA extraction kit and by the use of OMNIgene Gut collection tubes {#mbo31018-sec-0014}
----------------------------------------------------------------------------------------------------

Of the three extraction methods, Simpson diversity was higher for the Zymo ZR Fecal DNA MiniPrep™ kit than for the MO BIO Powersoil^®^ DNA isolation kit or the Qiagen QIAamp Fast DNA Stool Mini Kit (Kenward--Roger *p* \< .0001 for both comparisons; Figure [4a](#mbo31018-fig-0004){ref-type="fig"}). Overall, specimens collected in the OMNIgene Gut collection tubes had lower alpha diversity in comparison with specimens collected using the reference protocol of "trace element‐free" tubes with or without RNAlater that were immediately processed (*p* = .011) (Figure [4b](#mbo31018-fig-0004){ref-type="fig"}). These analyses were performed after rarefaction, although models without rarefaction yielded similar results (data not shown).

![(a) Simpson diversity index by DNA extraction method. The MoBio and Qiagen DNA extraction kits showed a significant reduction in diversity in a linear mixed‐effects model (*p* \< .001). (b) Simpson diversity index by handling protocol. Samples processed with the OMNIgene DNA extraction kit showed a significant reduction in alpha diversity compared to samples immediately processed in a linear mixed‐effects model (*p* = .011)](MBO3-9-e1018-g004){#mbo31018-fig-0004}

3.4. Sample clustered primarily by subject regardless of collection, handling, or processing protocols {#mbo31018-sec-0015}
------------------------------------------------------------------------------------------------------

Comparing the intra‐ minus intergroup distances from the GUniFrac analyses, we found that samples clustered primarily by subject (Figure [5a](#mbo31018-fig-0005){ref-type="fig"}), and less so by collection, handling, and processing protocols or DNA extraction kit (Figure [5a](#mbo31018-fig-0005){ref-type="fig"}). Among the collection, handling, and processing protocols, samples collected using the OMNIgene Gut kit clustered more closely together than those from the other protocols (Figure [5b](#mbo31018-fig-0005){ref-type="fig"}). At the phylum level for individual taxa, there were no statistically significant differences after Bonferroni correction in the linear mixed‐effects models (data not shown).

![(a) Pairwise generalized UniFrac distances by Child, DNA extraction method, and handling protocol. Samples clustered primarily by subject. (b) Pairwise distance by handling protocol. Samples processed with the OMNIgene kit clustered more closely than samples processed with other sample‐handling methods](MBO3-9-e1018-g005){#mbo31018-fig-0005}

4. DISCUSSION {#mbo31018-sec-0016}
=============

4.1. Principal findings {#mbo31018-sec-0017}
-----------------------

In samples from our ongoing pregnancy cohort study, we found little to no evidence of batch‐to‐batch variability in DNA extracts from infant stool samples or multiple extracts of the same sample over a period of weeks to years. Immediate freezing or delayed freezing samples that were kept in a home freezer (i.e., −20°C) had somewhat lower DNA yields compared to immediate processing; however, this did not translate to differences in alpha or beta diversity and appeared to have little to no impact on the relative abundance of bacterial phyla. Further, we found both a higher DNA yield and a higher alpha diversity among samples extracted using the Zymo Research ZR Fecal DNA MiniPrep™ kit when compared with the MO BIO Powersoil^®^ DNA isolation kit or the Qiagen QIAamp Fast DNA Stool Mini Kit.™ The OMNIgene Gut collection tube provided sequencing results with lower DNA yield and alpha diversity than the other collection protocols and tended to cluster together more closely than samples collected using the other protocols.

4.2. Strengths {#mbo31018-sec-0018}
--------------

Samples and analyses were conducted on a single population in a single laboratory. This limited variation that might arise from comparing samples between laboratories and vastly different populations, thus allowing for a more targeted comparison of the different protocols.

4.3. Limitations {#mbo31018-sec-0019}
----------------

While we examined both batch effects and 33 different protocols, it is important to note that we only studied a small number of subjects limiting our statistical power to detect differences, particularly at the genus level. Further, our study was based on stool samples, and thus, the reliability of other substrates (i.e., skin or saliva) may differ. Additionally, we focused our study on infants and young children, and thus, our findings may not be generalizable to older ages. However, studies have identified that the first 3 years of life represent the most substantial variability in microbiome samples; thus, clarification of protocol‐related impacts on results has potentially the most impact on the reliability of results. While our study based on a single population using a single laboratory was a strength, it also did not enable us to evaluate laboratory‐to‐laboratory variation. We might anticipate that additional statistical considerations will be required to combine or pool data from different studies using disparate protocols. When examining batch effects, we thawed samples overnight at 4°C prior to aliquoting, which produced reproducible DNA sequencing results; however, this approach risks RNA and metabolite degradation and ideally aliquoting would occur immediately to preserve the sample integrity.

4.4. Interpretation {#mbo31018-sec-0020}
-------------------

The results of our study are reassuring, as to our knowledge, the issues of batch effects and protocol differences have not been addressed extensively previously in young children. Reliability of microbiome results has been investigated to only a limited extent among adults, with similar results to our study of children (Vogtmann et al., [2017](#mbo31018-bib-0038){ref-type="ref"}). One study that did assess children\'s stool samples (Roesch, Lorca, et al., [2009](#mbo31018-bib-0028){ref-type="ref"}) also noted limited variability in community composition occurring after 72 hr at room temperature. Likewise, several studies in adults have addressed time to extraction and temperature (Choo et al., [2015](#mbo31018-bib-0007){ref-type="ref"}; Flores et al., [2012](#mbo31018-bib-0010){ref-type="ref"}, [2015](#mbo31018-bib-0011){ref-type="ref"}; Hang et al., [2014](#mbo31018-bib-0014){ref-type="ref"}; Lauber et al., [2010](#mbo31018-bib-0019){ref-type="ref"}; Tedjo et al., [2015](#mbo31018-bib-0035){ref-type="ref"}) and found temperature had a minor impact, although rare taxa may be undetected if the sample was not immediately frozen.

Our findings of both a higher DNA yield and a higher alpha diversity among samples extracted using the Zymo Research ZR Fecal DNA MiniPrep™ kit than with the MO BIO Powersoil^®^ DNA isolation kit or Qiagen QIAamp Fast DNA Stool Mini Kit™ are also consistent with prior work. In a study of infants conducted by Walker et al. ([2015](#mbo31018-bib-0039){ref-type="ref"}) mechanical disruption (bead beating) was identified as an important step for the accurate enumeration of Bifidobacteria, which is abundant in the infant gut microbiome. Another study evaluated samples from subjects ages 6 months to 4 years, similar to our study, comparing three DNA extraction methods (Smith et al., [2011](#mbo31018-bib-0034){ref-type="ref"}) again, results were similar between extraction methods if bead beating was utilized (Walker et al., [2015](#mbo31018-bib-0039){ref-type="ref"}). Given that we added a bead‐beating step to the MoBio kit, this could not fully explain the higher yield and diversity identified with the Zymo kit.

The OMNIgene Gut collection tube is a simplified, more complete microbiome kit that includes a DNA stabilizer. While the OMNIgene method provided more homogenous, stable results, the loss of diversity could influence a study\'s statistical power to detect differences, for example, by a predictor of bacterial diversity or the relationship of diversity to a health outcome.

Other studies in adults focusing on extraction (Maukonen et al., [2012](#mbo31018-bib-0020){ref-type="ref"}; McOrist et al., [2002](#mbo31018-bib-0022){ref-type="ref"}; Wesolowska‐Andersen et al., [2014](#mbo31018-bib-0040){ref-type="ref"}; Yuan et al., [2012](#mbo31018-bib-0042){ref-type="ref"}) and sequencing method reliability (Rintala et al., [2017](#mbo31018-bib-0026){ref-type="ref"}) have pointed out that DNA extraction method differences are often minor compared to the hypervariable region targeted (Rintala et al., [2017](#mbo31018-bib-0026){ref-type="ref"}) and that interindividual variation exceeded variation introduced by extraction method (Wesolowska‐Andersen et al., [2014](#mbo31018-bib-0040){ref-type="ref"}). Overall, most investigations have resulted in using caution when comparing data across different studies employing differing methods. For instance, Sinha et al., for a microbiome quality control project, published their baseline results comparing laboratories in order to address reproducibility among studies (Sinha et al., [2015](#mbo31018-bib-0032){ref-type="ref"}), concluding that successful reproducibility within laboratories over time and across field sites is possible. Wu et al. ([2010](#mbo31018-bib-0041){ref-type="ref"}) completed a comprehensive evaluation of freezing, storage, and DNA extraction methods and identified individual variation, and purification methods are of most importance in reproducibility of results. Still, others have evaluated home collection in preparation for larger molecular epidemiological studies and have identified reproducibility despite somewhat variable collection and temperature techniques (Nechvatal et al., [2008](#mbo31018-bib-0023){ref-type="ref"}).

5. CONCLUSIONS {#mbo31018-sec-0021}
==============

In conclusion, within a single US study of samples from young children and using a single laboratory and technique, we found little evidence of batch effects or between protocol differences in bacterial structure and composition using a standardized collection, handling, processing, and extraction protocols for stool microbiome analysis. These findings have important application for studies that aim to perform large epidemiological investigations, in geographically diverse areas, or attempts to compile extant data to understand potential relationships between the microbiome and disease causation or prevention.
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 {#mbo31018-sec-0028}

Sampling Scheme for assessing sequencing batch effects. Table [A1](#mbo31018-tbl-0001){ref-type="table"} shows samples and batches for set 1. Table [A2](#mbo31018-tbl-0002){ref-type="table"} shows samples and batches for set 2.

###### 

Number of samples sequenced from extractions of each diaper in Set 1 by batch

            Child 1   Child 2   Child 3   Child 4   Child 5
  --------- --------- --------- --------- --------- ---------
  Batch 1   1         1         1         1         1
  Batch 2   1         1         1         1         1
  Batch 3   1         1         1         1         1

John Wiley & Sons, Ltd

###### 

Number of samples sequenced from extractions of each diaper in Set 2 by batch

            Child 1   Child 2 Extraction 1   Child 2 Extraction 2   Child 3
  --------- --------- ---------------------- ---------------------- ---------
  Batch 4   4         2                      2                      2
  Batch 5   4         2                      2                      2
  Batch 6   4         2                      2                      2
  Batch 7   2         0                      2                      1
  Batch 8   2         0                      2                      2
  Batch 9   2         0                      2                      2

John Wiley & Sons, Ltd

 {#mbo31018-sec-0029}

![Bar plot of Simpson diversity index for the nine sequencing batches](MBO3-9-e1018-g006){#mbo31018-fig-0006}

![DNA yield for each of the DNA extraction kits by sample‐handling protocol](MBO3-9-e1018-g007){#mbo31018-fig-0007}

![DNA yield by the preservation method](MBO3-9-e1018-g008){#mbo31018-fig-0008}
